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INTRODUCTION
Head injuries are a very common case through-
out the world. The Centers for Disease Control 
(CDC) reported that emergency, hospitalization, 
and deaths due to head injuries increased in 2001 
to 2010.1 The World Health Organization (WHO) 
stated that 1.2 million people died every year due to 
traffic accidents, with millions more were disabled. 
It mainly occurs in countries with low-to-moder-
ate income with increased use of motorbike as the 
primary means of transportation.2
CASE REPORT
A 21 years old male was admitted to the emergency 
department (ED) with mild head injury due to a 
traffic accident. He was unconscious soon after the 
accident, then regained his consciousness in about 
1-2 minutes. He showed no cranial symptoms like 
nausea, vomiting or headache. From the physical 
examination, the Glasgow Coma Scale (GCS) was 
15; blood pressure was 121/79 mmHg; heart rate 
87 beats per minute; respiratory rate 16 times per 
minute; and body temperature was 37.1°C. 
The routine blood examination was unre-
markable. The patient was observed for 2 hours 
at the emergency room and showed no worsening 
symptoms. He was not scheduled for a CT scan 
examination and a transcranial doppler examina-
tion (TCD) to examine cerebral blood flow (CBF) 
performance. From the test, we found that the 
medial cerebral artery peak systolic velocity, end-di-
astolic velocity, and mean-flow velocity (MFV) 
were 62.85 cm/sec, 22.93 cm/sec, and 36.23 cm/sec, 
respectively. Transient hyperemic response test was 
negative. From this result, we concluded the CBF 
was still disrupted, so we observed him for another 
24 hours. He was discharged the next day in good 
condition without any residual symptoms.
DISCUSSION
Head injury is an occurrence of non-degenera-
tive, non-congenital brain injury originating from 
external pressure, which can cause a temporary 
or permanent disturbance in cognitive function, 
psychosocial function, which can also be accompa-
nied by a decrease in consciousness.3 Head injury 
is divided by its severity that was mainly based on 
the level of consciousness assessed by the GCS: 
severe (GCS <9), moderate (GCS=9-12), and mild 
(GCS=13-15).4
There are several ways to calculate CBF between 
them, direct intravascular measurement, nuclear 
medicine, X-ray imaging, MRI, and ultrasonogra-
phy techniques.6 Transcranial Doppler Ultrasound 
(TCD) can provide a picture and measurement of 
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ABSTRACT
Head injuries are a common case throughout the world, based 
on data from the Centers for Disease Control, emergency cases, 
hospitalization cases, and also deaths due to head injuries have 
increased in the decade 2001-2010. Cerebral autoregulation (CA) 
is a mechanism for cerebral blood flow (CBF) regulation if there is 
a change from cerebral perfusion pressure (CPP). The mechanism 
of brain autoregulation is negative feedback that holds back the 
increase in mean arterial pressure (MAP) by reducing the diameter 
of blood vessels so that CBF returns to normal, whereas if MAP falls, 
brain autoregulation tends to widen blood vessel diameter so that 
CBF is normal. Transcranial doppler examination can be one of the 
modalities of investigation that is very useful in patients with head 
injuries. Transcranial doppler in patients with a head injury can be 
used to measure mean flow velocity of cerebral artery media and 
transient hyperemic response test, both of which can assess the 
prognosis of a course of head injury.
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CBF in the median cerebral artery (MCA).7 The 
technique of measuring CBF through TCD is done 
by placing the transducer in the temporal region 
above the zygomatic arch, also called the transtem-
poral window. TCD provides an overview of CBF 
through a relative index approach.8
A report by van Santbrink et al.9 stated that flow 
velocity defined as low when the mean flow velocity 
is ≤35 cm/sec in one or both MCAs within 72 hours 
after trauma. Bouzat et al.10 described that normal 
TCD value as the diastolic blood flow velocity is 
higher than 25 cm/s in the two MCAs. In another 
study, this threshold limits has the sensitivity of 
92% and specificity 76% to predict the patient to 
be at risk of developing secondary brain injury.11 
TCD provides information about cerebral hemody-
namics, which is essential for the prognostication 
of a patient with traumatic brain injury (TBI). 
Hypoperfusion occurs when two out of three of the 
followings are met: the mean velocity of the MCA is 
less than 35 cm/second, the diastolic velocity of the 
MCA is less than 20 cm/second, and a pulsatility 
index is >1.4.12 
Fatima et  al.13 found that in patients with TBI 
and abnormally TCD (MFV >120 cm/sec in vaso-
spasm state, or <35 cm/sec in hypoperfusion state, 
and pulsatility index >1.2) have more than three-
fold the likelihood of having poor clinical outcome 
compared with patient TBI with normal TCD. In 
this case, we found that the MFV was 36.23 cm/sec, 
which is not classified into either of hypoperfusion 
nor vasospasm state. However, the value was near 
the low-end of hypoperfusion value.14 
This patient had a lower end-diastolic veloc-
ity (22.93 cm/sec), which means that the cerebral 
blood flow could be disturbed. This condition 
played a role in deciding to observe the patient for 
24 hours in the hospital to monitor possible devel-
oping symptoms. 
Intracranial hypertension can be caused by the 
loss of the autoregulation mechanism. It is one of the 
factors worsening the outcome of treating patients 
with head injuries. Autoregulation disorders that 
occur in TBIs can also be evaluated using TCD.15 
Transient hyperemic response test can reveal the 
possibility of slow complications in patients with 
head injuries. Early detection of vasoconstriction 
from vascularization of blood to the brain is critical 
to avoid the occurrence of ischemic brain disorders 
that will occur in the future. TCD focuses on tran-
sient hyperemic response can be used to measure 
brain autoregulation disorders qualitatively.16-19 
There is a limited study that found the correla-
tion between the evaluation of transient hyper-
emic response (THR) test to the autoregulation 
disorder of the brain. Al-Jehani et  al.20 conducted 
a small retrospective review study to investigate the 
usability of THR test as a predictor of vasospasm 
in patients with aneurysmal subarachnoid haem-
orrhage. They found that 83% patient with clinical 
and radiological vasospasm had an abnormal THR 
test in initial TCD test. Smielewski et  al.21 found 
that hyperemic response is lower in patients with 
poor clinical grade (GCS <6) and poor outcome 
(Glasgow Outcome Scale 3,4, and 5). 
In a prospective observational study found that 
THR test can predict unfavourable outcome after 
subarachnoid haemorrhage if cerebral autoregu-
lation impairment was detected.22,23 In this study, 
the THR test was found negative, which indicated 
that the cerebral autoregulation was preserved. 
Combined with the fact that this patient was in 
good clinical grade, we may predict that this patient 
will have a better outcome. 
CONCLUSION
The use of TCD in patients with mild head inju-
ries can be useful used to measure the MCA’s MFV. 
Both TCD and THR tests are non-invasive, and 
they may assess the prognosis of a course of TBI 
cases. More studies are needed to determine if this 
method of measurement could navigate the therapy 
of a patient with TBIs. 
REFERENCES
1. Galgano M, Toshkezi G, Qiu X, et  al. Traumatic Brain 
Injury: Current Treatment Strategies and Future 
Endeavors. Cell Transplant. 2017; 26(7): 1118–30. doi: 
10.1177/0963689717714102
2. World Health Organization. Helmets: A Road Safety 
Manual for Decision-makers and Practictioners. World 
Health Organization. 2006. Available from: www.inis.ie
3. Mahadewa TGB, Senapathi TGA, Wiryana M, Aribawa 
IGNM, Arparitna KY, Ryalino C. Extended Glasgow 
Outcome Scale correlates with bispectral index in trau-
matic brain injury patients who underwent craniotomy. 
Open Access Emerg Med. 2018;10:71–4. doi:10.2147/
OAEM.S164221
4. Senapathi TGA, Wiryana M, Aribawa IGNM, Ryalino C. 
Bispectral index value correlates with Glasgow Coma Scale 
in traumatic brain injury patients. Open Access Emerg Med. 
2017;9:43–6. doi:10.2147/OAEM.S130643
5. Faul M, Xu L, Wald MM, Coronado V. Traumatic brain 
injury in the United States: emergency department vis-
its, hospitalizations and deaths. Injury Prevention. 
2006;16(Suppl 1):A268 
6. Prince C, Bruhns ME. Evaluation and Treatment of Mild 
Traumatic Brain Injury: The Role of Neuropsychology. 
Brain Sci. 2017;7(8):105. doi:10.3390/brainsci7080105
7. Mahadewa TGB, Golden N, Saputra A, Ryalino C. Modified 
Revised Trauma-Marshall score as a proposed tool in pre-
dicting the outcome of moderate and severe traumatic 
brain injury. Open Access Emerg Med. 2018;10:135–9. 
doi:10.2147/OAEM.S179090. 
8. Fantini S, Sassaroli A, Tgavalekos KT, et  al. Cerebral 
blood flow and autoregulation: current measurement 
techniques and prospects for noninvasive optical meth-
ods. Neurophotonics. 2016; 3(3): 031411. DOI: 10.1117/1.
NPh.3.3.031411
139Published by DiscoverSys | Bali Journal of Anesthesiology 2019; 3(2): 137-139 | doi: 10.15562/bjoa.v3i2.174
ORIGINAL ARTICLE
9. van Santbrink, H. Schouten JW, 
Steyerberg  EW,  Avezaat  CJ,  Maas AI. Serial transcranial 
Doppler measurements in traumatic brain injury with 
special focus on the early posttraumatic period. Acta 
Neurochir (Wien). 2002;144(11):1141-9
10. Bouzat P, Almeras L, Manhes P, et al. Transcranial Doppler 
to Predict Neurologic Outcome after Mild to Moderate 
Traumatic Brain Injury. Anesthesiology. 2016;125(2):346-
54. doi: 10.1097/ALN.0000000000001165. 
11. Bouzat P, Francony G, Declety P, et al. Transcranial Doppler 
to screen on admission patients with mild to moderate 
traumatic brain injury. Neurosurgery. 2011;68(6):1603-9. 
doi: 10.1227/NEU.0b013e31820cd43e
12. Prasad BKD, Chamarthi M, Isireddy P. Role of transcranial 
doppler as a predictor of prognosis in patients with trau-
matic brain injury. International Journal of Contemporary 
Medicine Surgery and Radiology. 2017;2(4):139-42
13. Fatima N, Shuaib A, Chughtai TS, Ayyad A, Saqqur M. 
The role of transcranial doppler in traumatic brain injury: 
A systemic review and meta-analysis. Asian J Neurosurg. 
2019;14:626-33
14. Senapathi TGA, Wiryana M, Sinardja K, et  al. Jugular 
bulb oxygen saturation correlates with Full Outline of 
Responsiveness score in severe traumatic brain injury 
patients. Open Access Emerg Med. 2017;9:69–72. 
doi:10.2147/OAEM.S144722
15. Lau VI, Arntfield RT. Point-of-care transcranial Doppler by 
intensivists.  Crit Ultrasound J. 2017;9(1):21. doi:10.1186/
s13089-017-0077-9
16. D’Andrea A, Conte M, Scarafile R, et  al. Transcranial 
Doppler Ultrasound: Physical Principles and 
Principal Applications in Neurocritical Care 
Unit. J Cardiovasc Echogr. 2016; 26(2):28–41. doi: 
10.4103/2211-4122.183746 
17. Kinoshita K. Traumatic brain injury: pathophysiology for 
neurocritical care. J intensive care. 2016;4:29. doi: 10.1186/
s40560-016-0138-3
18. Panerai RB. Transcranial Doppler for evaluation of cere-
bral autoregulation. Clin Auton Res. 2009;19(4):197–211. 
doi: 10.1007/s10286-009-0011-8
19. Giller CA. A bedside test for cerebral autoregulation using 
transcranial Doppler ultrasound. Acta Neurochir. 1991; 
108 (1–2): 7–14. 
20. Al-Jehani H, Angle M, Marcoux J Teitelbaum J. Early 
abnormal transient hyperemic response test can pre-
dict delayed ischemic neurologic deficit in subarachnoid 
hemorrhage. Crit Ultrasound J. 2018;10:1. doi: 10.1186/
s13089-017-0079-7
21. Smielewski P, Czosnyka M, Kirkpatrick P, Pickard  JD. 
Evaluation of the transient hyperemic response test 
in head-injured patients. Journal of Neurosurgery. 
1997;86(5):773–8. doi:10.3171/jns.1997.86.5.0773
22. Budohoski KP, Czosnyka M, Smielewski P, et al. Cerebral 
autoregulation after subarachnoid hemorrhage: com-
parison of three methods. J Cereb Blood Flow Metab. 
2013;33(3):449–56. doi:10.1038/jcbfm.2012.189
23. Rynkowski CB, de Oliveira Manoel AL, Dos Reis MM, 
et  al. Early Transcranial Doppler Evaluation of  Cerebral 
Autoregulation Independently Predicts Functional 
Outcome After Aneurysmal Subarachnoid Hemorrhage. 
Neurocrit Care. 2019 May 17. doi: 10.1007/s12028-019-
00732-5. [Epub ahead of print]
This work is licensed under a Creative Commons Attribution
